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Indian  Standard 

METHODS  FOR  ESTIMATION  OF  CAROTENES 

AND  VITAMIN  A  (RETINOL) 

IN  FOODSTUFFS 

0.     FOREWORD 

0.1  This  Indian  Standard  was  adopted  by  the  Indian  Standards  Institution 
on  30  November  1970,  after  the  draft  finalized  by  the  Food  Hygiene,  Samp- 
ling and  Analysis  Sectional  Committee  had  been  approved  by  the  Agricul- 
tural and  Food  Products  Division  Council. 

0.2  Vitamins  are  required  to  be  assessed  in  a  large  number  of  foodstuffs, 
such  as  processed  cereals,  dairy  products,  animal  feeds  and  other  foodstuffs. 
Moreover,  different  methods  o£  vitamin  assay  are  used  in  different 
laboratories.  Therefore,  with  a  view  to  establishing  uniform  procedures 
and  also  for  facilitating  a  comparative  study  of  results,  ISI  is  bringing  out 
a  series  of  standards  on  vitamin  assays.  These  would  include  chemical 
and  microbiological  methods,  wherever  applicable. 

0.3  This  standard  prescribes  the  methods  for  estimation  of  carotenes  and 
vitamin  A  in .  foodstuffs.  Two  methods  have  been  prescribed,  namely, 
spectrophptometric  method  and  Carr-Price  method.  The  spectrophoto- 
metric  method  is  simpler  than  the  colorimetric  procedure.  In  case  of 
spectrophotometric  method,  it  is  essential  that  the  interfering  substances 
should  be  removed  by  purification  using  column  chromatography. 

0.3.1  Carr-Price  method  is- generally  used  for  routine  estimations,  where- 
as the  spectrophotometric  method  is  used  as  a  reference  method. 

0.4  In  the  preparation  of  this  standard,  considerable  assistance  has  been 
derived  from  a  number  of  standard  books  and  publications.  However, 
the  methods  included  in  this  standard  are  predominantly  those  which  have 
been  tried  in  various  laboratories  in  the  country.  Thus  the  methods 
prescribed  in  this  standard  are  mainly  based  on  practical  experience  within 
the  country. 

0.5  In  reporting  the  result  of  a  test  or  analysis  made  in  accordance  with 
this  standard,  if  the  final  value,  observed  or  calculated,  is  to  be  rounded 
off,  it  shall  be  done  in  accordance  with  IS  :  2-1960*. 

•Rules  for  rounding  off* numerical  values. (revised). 
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1.  SCOPE 

1.1  This  standard  prescribes  methods  for  the  estimation  of  carotenes  and 
vitamin  A  (  retinol  )  in  foodstuffs. 

2.  QUALITY  OF  REAGENTS 

2.1  Unless  specified  otherwise,  pure  chemicals  and  distilled  water  (  see 
IS  :  1070-1960*  )  shall  be  employed  in  tests. 

Note — 'Pure  chemicals'  shall   mean  chemicals  that  do  not  contain   impurities 
which  affect  the  test  results. 

3.  PREPARATION  OF  ASSAY  SAMPLE 

3.0  The  technique  used  for  preparing  the  material  for  the  analysis  is 
mostly  common  to  every  vitamin  determination.  It  should  be  ensured 
that  the  sample  taken  for  the  assay  is  representative  of  the  whole,  and  any 
determination  of  the  vitamin  to  be  examined  is  prevented. 

3.1  Powders  and  liquids  should  be  mixed  thoroughly  until  homogeneity  is 
achieved.  Dry  materials,  such  as  bread,  biscuits  and  grains  should  be 
ground  and  mixed  thoroughly. 

3.2  Butter  should  be  melted  under  constant  stirring.  Samples  from 
margarine  or  cheese  or  other  such  foods  should  contain  portions  of  the 
surface  as  well  as  of  the  interior. 

3.3  Wet  or  fresh  material  may  be  minced  with  a  knife  or  scissors,  or 
homogenized  in  a  mender,  if  necessary,  in  the  presence  of  the  extracting 
solvent, 

4.  ESTIMATION  OF  CAROTENES 

4.0  Principle — Carotenes  are  extracted  from  the  moist  pulverized  or 
homogenized  assay  sample  with  hexane,  petroleum  ether  or  other  suitable 
solvent  mixed  with  acetone  or  alcohol.  In  case  of  fatty  materials,  prelimi- 
nary saponification  is  necessary.  The  extract  is  purified  from  non-carotene 
pigments  by  chromatography.  The  carotene  content  of  aliquot  from  the 
elute  in  hexane  or  petroleum  ether  is  estimated  in  spectrophotometer  at 
450  mi*  or  in  a  photo-electric  colorimeter  with  a  440  ml*  filter. 

4.1  Apparatus 

4.1.1  Spectrophotometer 

or 
Photo-electric  Colorimeter  —  440  ml*  filter. 

4.1.2  Chromatographic  Tube—  180  to  220  mm  long  and  20  mm  diameter. 


•Specification  for  water,  distilled  quality  (revised). 
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4.1.3  Extraction  Apparatus  —  Depending  on  the  nature  of  assay  sample, 
a  glass  ,mortar  for  moisj;  homogenized  food  material,  a  beaker  with  glass 
rod  with  a  flat  end  for  maceration  and  Bailey -Walker  type  or  similar  hot 
extraction  apparatus  for  dried  leaves  and  powdered  beans  shall  be  selected. 

4.1.4  Beaker  —  150  ml  capacity. 

4.2  Reagents 

4.2.1  n-fiexane  or  Petroleum  Ether  —  It  may  be  purified  by  shaking  with 
concentrated  sulphuric  acid  and  collecting  the  fraction  distilling  between 
67°G  and  70°C. 

4.2.2  Petroleum  Ether  Acetone  Mixture 

a)  For  extraction  —  1:1  (v/v)t  and 

b)  For  elution  —  9:1  (  vjv  ). 

4.2.3  Diethyl  Ether  —  purified.  This  may  be  washed  with  saturated 
ferrous  sulphate  solution  and  then  distilled  over  sodium  hydroxide. 

4.2.4  Absorbent  — Mix  equal  proportion  by  weight  of  activated  magnesia 
and  hyflo-s^per  eel  or  equivalent  and  keep  it  in  the  dry  state  till  used. 

4.2.5  Gj$$1dr  Anhydrous  Sodium  Sulphate  —  conforming  to  IS  :  255-1967*. 

4.2.6  Glass  Wool  or  Fat-Free  Cotton 

4.3  Procedure 

4.3.1  Extraction  —  Weigh  accurately  a  quantity  of  the  assay  sample 
containing  0*05  to  0*10  mg  of  carotene  and  transfer  it  to  the  extraction 
vessel.  Add  equal  volume  of  quartz  powder  or  acid- washed  sand  and 
moisten  the  mixture  with  a  little  water.  Then  add  10  ml  of  petroleum 
ether-acetone  mixture  (  1  :  1  ).  Grind  and  decant  the  solvent,  when  the 
particles  have  settled,  to  a  separating  funnel  containing  water.  Repeat 
the  grinding  and  decanting  until  no  more  carotene  is  left.  Normally  4  to  5 
extractions  are  adequate. 

4.3.1.1  Wash  the  combined  petroleum  ether  acetone  extract  with  five 
100-ml  portions  of  water  to  remove  acetone.  The  acetone  shall  be 
completely  removed  to  avoid  any  interference  with  chromatography. 
The  extract,  containing  carotenoids  and  chlorophylls  shall  be  preserved  for 
chromatography . 

Note  1  —  Carotenes  are  extracted  much  more  conveniently  from  wet  materials.  In 
course  of  extraction  when  acetone  takes  away  the  moisture,  the  material  may  be  kept 
moist  by  adding  a  few  drops  of  water  between  the  extractions. 

Note  2  —  By  the  cold  extraction  process,  it  is  difficult  to  extract  carotenes  from 
dry  leafy  materials  or  beans,  where  hot  extraction  is  necessary.  With  fatty  materials, 
when  the  ratio  of  fat  to  carotene  is  very  large,  for  example  1  000  :  1,  the  fat  may  have 
to  be  hydro lyzed  as  in  estimation  of  vitamin  A  and  then  taking  up  the  non-saponi- 
fiable  matter  in  petroleum  ether  or  hexane. 


*Specification  for  sodium  sulphate,  anhydrous  [first  revision ) . 
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4.3.2  Purification 

4.3.2.1  Preparation  of  column  —  Connect  the  chromatographic  tube  to  a 
Witt's  or  equivalent  filtering  apparatus  with  a  beaker  ( 150  ml )  as  receiver 
or  to  a  suction  flask  of  250  ml  capacity,  through  a  rubber  stopper.  Loosely 
plug  the  lower  end  of  the  chromatographic  tube  with  glass  wool  or  cotton 
and  turn  on  the  suction.  Add  adsorption  mixture  through  a  funnel  in 
small  amounts  to  a  height  of  10  to  12  cm  and  pack  the  column  by  pressing 
down  with  a  cork-stopper,  just  fitting  the  tube  and  attached  to  a  glass  rod. 
Place  on  the  top  of  the  column  2  to  3  cm  layer  of  anhydrous  sodium 
sulphate. 

4.3.2.2  Chromatography  —  Pour  slowly  the  petroleum  ether  or  hexane 
extract  into  the  absorption  tube  and  rinse  the  vessel  carefully  with  petro- 
leum ether,  to  transfer  all  colouring  matter  to  the  column.  Finally,  rinse 
down  sides  of  the  tube  with  a  few  millilitre  portion  of  petroleum  ether  or 
hexane,  taking  particular  care  that  the  chromatographic  column  containing 
carotenes  remains  always  covered  with  solvent.  When  a  few  millilitre  of 
petroleum  ether  or  hexane  comes  through  the  column,  change  the  receiver 
of  the  suction  flask-  When  petroleum  ether  or  hexane  layer  in  the  column 
has  Come  down  to  the  sodium  sulphate  layer,  add  slowly  50  ml  of  petroleum 
ether  acetone  mixture  (9:1)  to  elute  the  carotene.  When  this  mixed 
solvent  has  passed  through  the  sodium  sulphate  layer,  stop  the  suction, 
transfer  the  elute  to  10  or  25  ml  volumetric  flask  as  required  and  dilute  to 
volume  with  petroleum  ether. 

4.3.3  Preparation  of  Standard  Curve 

4.3.3.0  The  standard  curve  is  necessary  only  when  the  final  estimation 
is  carried  out  in  a  colorimeter  or  when  the  true  optical  density  cannot  be 
obtained  from  the  spectrophotometric  readings. 

4.3.3.1  Weigh  accurately  about  10  to  20  mg  of  purified  crystals  of 
jS-carotene  and  disssolve  in  about  20  ml  of  diethyl  ether.  Transfer  this 
into  a  volumetric  flask  of  1  litre  with  about  20  ml  of  diethyl  ether  and 
make  the  volume  to  the  mark  with  n-hexane  or  petroleum  ether.  From 
this  stock  solution,  prepare  eight  concentrations  of  /J-carotene  solution 
containing  0*25,  050,  0"75,  1'00,  1'25,  1'50,  175  and  2  00  mg  per  litre. 

4.3.3.2  Find  out  the  absorbances  of  these  solutions  in  the  instrument 
and  with  the  same  cuvettes,  to  be  used  for  final  estimation,  at  450  mt*  in 
case  of  spectrophotometer  or  with  440  mn  narrow  band  filter  in  case  of 
colorimeters.  Plot  the  absorbence  against  concentration  of  carotene  per 
litre.     This  relationship  should  be  almost  linear. 

4.3.4  Determination  of  Carotenes  —  Find  the  absorbence  of  the  hexane  or 
petroleum  ether  extract  of  the  assay  sample  as  in  4.3.3.2.  From  the 
observed  absorbence,  calculate  the  concentration  of  carotenes  in  milligrams 
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per  litre.     In  case   the  absorbance  is   more  than  0*50,  make  suitable 
dilution,  so  that  the  absorbance  lies  below  0*5. 

4.3.5  Calculation 

4.3.5.1  Content  of  carotenes t  in  mgper  100  g  of  assay  sample  ( A  ) 

a)  From  standard  curve: 

,       CxV 
lOxg 

where 

C  —  concentration  of    carotenes  in  mg  per  litre  from    the 

standard  curve, 
V  =  final  volume  of  extract,  and 
g  =  weight  of  assay  sample. 

b)  From  optical  density  ( E)  at  450  ml* : 

.        Ex  100 

196xLxW 

where 

E  =  optical  density  (  absorbance ), 

L  =  length  of  light  path  in  the  cuvette  in  cm,  and 

W  —  weight  in  g  of  the  sample  per  ml  of  final  extract 

Note  1  —  In  case  carotene  has  to  be  calculated  directly  without  the  use  of  standard 
curve,  the  spectrophotometer  should  be  calibrated  for  wave-length  and  absorption  by 
standard  procedure. 

Note  2  —  The  factor  '  196  *  is  for  average  mixture  of  carotenes  in  food  samples. 

E        «=  1 960,   in    petroleum  ether  for  mixture    of  carotenes    commonly 
icm 

present  in  foodstuffs;  and  for  pure  all  trans  (J-carotenes 

E         *=  2  550,  in  petroleum  ether, 
icm 

Note  3  —  When  the  carotene  mixture  a  further  purified  by  chromatography  and 
all  trans  ^-carotenes  is  isolated  and  estimated,  the  following  formula  should  be  used: 

Ex  100 
255  X  L  x  W 

5.  ESTIMATION  OF  VITAMIN  A  ( RETINOL ) 

5.1  Spectrophotometry  Method 

5.1.0  Principle  —  The  vitamin  A  is  extracted  from  the  assay  sample, 
purified  by  saponification  or  chromatography  and  dissolved  in  optically 
pure  isopropanol,  hexane  or  cyclohexane.  This  method  is  based  on  the 
measurement   of  light  absorption   of  the  vitamin  solution.     This  light 
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absorption  is  proportional  to  the  concentration  of  the  vitamin  at  a  wave 
length  of  325  mn  where  maximum  absorption  occurs.  To  correct  for 
extraneous  materials  which  also  absorb  in  this  region,  readings  are  also 
made  at  310  mn  and  334  mji  followed  by  appropriate  mathematical 
correction,  in  case  of  samples  having  an  absorption  maxima  for  the 
unsaponifiable  matter  lying  within  the  region  323  m/x  and  327  mv  and 
extinction  ratio  E^  mn/.E3aB  mn,  not  exceeding  0*73.  But  for  those  samples 
having  an  absorption  maxima  for  the  unsaponifiable  matter  lying  outside 
the  region  323  mn  to  327  mfi  or  an  extinction  ratio  E^  mtijE^  mn, 
exceeding  0*73,  further  purification  by  chromatography  is  necessary. 

5.1.1  Apparatus 

5.1.1.1  Spectrophotometer —  with  suitable  source  of  ultraviolet  light. 

5.1.1.2  Chromatography  apparatus  —  The  chromatography  tube  has  three 
sections  fused  together.  At  the  upper  part,  it  has  a  wider  section,  80  mm 
length  and  16  mm  internal  diameter,  with  a  side  tube  attached  at  45  to 
50  mm  below  the  top;  this  side  tube  has  a  three-way  cock.  The  central 
part  of  the  tube  is  180  to  200  mm  long  and  has  10  mm  internal  diameter;  at 
the  lower  end  it  has  a  stem,  50  mm  long  and  5  mm  diameter.  The  side- 
tube  at  the  top  is  connected  through  a  rubber  tubing  to  a  pressure  system 
consisting  of  a  Buchner  Flask  and  a  rubber  hand-bellows  with  a  non-return 
valve,  so  that  pressure  inside  the  tube  may  be  applied  or  released  as  and 
when  required.  A  50-ml  separatory  funnel  is  fitted  at  the  top  with  a 
wooden  cork  (  not  rubber )  to  serve  as  a  reservoir  for  solvents. 

5. 1.1.3  Ultraviolet  lamp  for  detection  of  vitamin  A  zone  —  A  mercury 
vapour  lamp  with  a  light  filter  to  transmit  320  to  340  mn 

5.1.2  Reagents 

5.1.2.1  Ethanol  and  isopropanol 

a)  Ethanol  —  Ethanol  may  be  purified  as  follows: 

Reflux  absolute  ethanol  for  30  minutes  in  presence  of  10  g  caustic 
potash  and  10  g  aluminium  powder  per  litre  of  ethanol.  The  mixture 
is  then  distilled  in  an  all-glass  apparatus  with  a  fractionating  column 
of  50  to  60  cm  length.  Collect  only  middle  fraction  of  the  distillate, 
discarding  the  first  and  the  last  fraction,  each  amounting  to  5  percent 
of  the  total  volume.  The  ethanol  thus  obtained  should  have  the  same 
optical  absorption  as  glass  distilled  water  in  ultraviolet  region. 

b)  Isopropanol  —  Purify  isopropanol  by  redistillation  in  an  all-glass 
apparatus  with  a  fractionating  column  of  40  cm  length  arid  collecting  the 
fraction  distilling  at  82-3  ±  0'2°C. 

5.1.2.2  n-Hexane  or  petroleum  ether  —  Purify  as  given  in  4.2.1. 
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5.1.2.3  Potassium  hydroxide  solution  _  50  percent  ( wjv ). 


,.:j„  r „ i:_**n i  t  .,-tc  .  arte  inc/i*  \        **„:_ 

'  pjIUAIUC-HCC,    1CUWI.111CU    ^  JCC    J.O  .  MU-IJUT        j,  J.VJ.iO.14.1.- 

tain  ether  free  from  peroxide  by  the  method  given  in  5.2*2*4. 

5.1.2.5  Sodium  sulphate  —  anhydrous  and  granular.  It  shall  not  absorb 
vitamin  A  under  conditions  of  use,-  and  10  percent  solution  shall  not  be 
acid  to  methyl  red  indicator  solution. 

5.1.2.6  A luminium  oxide — Heat  neutral  aluminium  oxide  [which 
passes  through  125-  to  75-  micron  IS  Sieve  {see  IS :  460-1962J  )  ]  for  chro- 
matography at  50Q  ±  50°C  for  2  to  3  hours  and  protect  from  moisture  by 
cooling  it  under  vacuum  and  storing  it  in  an  air-tight  bottle.  Shake  50  g 
of  this  dehydrated  alumina  very  thoroughly  with  2*0  to  2*5  ml  of  distilled 
water  till  a  uniform  lump-free  mass  is  obtained.  Allow  to  stand  for  2  to  3 
hours  ueiore  chroniatograpny. 

5.1*2.7  Solvents  for  chromatography 

a.)  treiroieum  ciner  • — uomng  poim  u/  to  fuu  ruiuy  as  given  «i 
4.2.1. 

b)  Elution  mixture  —  Petroleum  ether  containing  15  to  24  percent  (  v\v  ) 
diethyl  ether.  The  amount  of  diethyl  ether  necessary,  depends  on 
the  activity  of  alumina;  this  may  be  found  out  by  occasionally 
checking  the  vitamin  A  zone  with  a  weak  ultraviolet  lamp  (5.1.1.3 ); 
the  vitamin  A  zone  would  reveal  itself  by  greenish  yellow 
fluorescence. 

e  i    n     n J. 

if. 1,3  rrweaure 

5.1.3.0  Adequate  precautions  should  be  taken  to  protect  the  vitamin  A 
content  in  the  flask  from  direct  actinic  light. 

5.1.3.1  Weigh  accurately  a  quantity  of  the  material  ( not  more  than 
seven  grams  )  containing  30   to  50   I.  U.   of  vitamin  A.     Transfer  the 

■L__-_i    ^-j.: i„    *_    __    _ii    ~i~-._    _„ ~:g~~+:~~    a„„i.    /  inn  Mn     :r 

material    quaiiLiLaiivciy     iu    an    an    glass    aaj-^/niin-ennJii    nas&    ^  uu  nix  /,   n 

necessary  with  a  little  alcohol.  Add  30  ml  of  ethanol  [  95  percent  ( vjv )] 
and  5  ml  of  potassium  hydroxide  solution.  To  replace  the  air,  pass  a  stream 

aP  nUi*/\/wav\    «v*ic«    +Vk  fAiifrn    flia    CAnitinn    TAnfrri     *a     lot.fiino    T/Yr     t  tninn+DC  'I  'han 

in  a  dark  corner,  saponify  the  contents  under  reflux  in  an  atmosphere  of 
nitrogen,  over  an  electrically  heated  water-bath  for  30  to  40  minutes.  Cool 
and  then  add  30  ml  of  water*  Transfer  the  contents  nuantitativelv  to  a 
separating  funnel  (  conical,  Squibb  shaped,  250  ml  capacity  ).  Wash  the 
flask  twice  with  10  ml  of  water  and  add  the  washings  to  the  separating 
funnel. 


•Specification  for  ether  (  revised). 
fSpecification  for  test  sieves  (  revised  ) , 
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Extract  the  saponified  solution  thrice,  respectively  with  50  ml,  20  ml 
and  20  m]  ether;  combine  the  ether  extract  in  another  separating  funnel 
and  wash  this  with  50  ml  ice  cold  water  containing  a  little  sodium 
acid  sulphate  ( NaHS04 )  or  potassium  acid  phosphate  (KH2P04),  just 
enough  to  neutralise  the  alkalinity  of  the  extract.  Repeat  the  washing  with 
only  ice  cold  water,  till  the  washings  are  neutral  to  phenolphthalein. 

5.1.3.2  Transfer  the  ethereal  extract  to  a  stoppered  measuring  cylinder 
(  100  ml ),  rinse  the  separating  funnel  with  a  little  ether  and  then  add  this 
to  the  cylinder.  Add  more  ether  to  make  the  volume  to  100  ml  mark. 
Then  add  15  g  of  anhydrous  sodium  sulphate;  mildly  shake  a  little  and  then 
allow  it  to  settle  in  a  dark  cool  place. 

5.1.3.3  Chromatography  ■ —  Evaporate  an  aliquot  of  the  ethereal  extract 
of  the  unsaponifiable  matter  in  a  stream  of  nitrogen.  Take  up  the  residue 
in  5  ml  of  petroleum  ether.  Place  a  wad  of  fat-free  cotton  in  the  lower 
stem  of  the  chromatographic  tube  and  set  it  up  in  a  stand.  Pour  in  petro- 
leum ether  upto  the  middle  of  the  10  mm  section,  and  then  add  sufficient 
alumina  absorbent,  with  continuous  tapping,  to  a  height  of  100  mm  in  the 
column;  then  add  anhydrous  sodium  sulphate  to  make  a  layer  of  1  cm. 
Attach  the  separatory  funnel  at  the  top  and  apply  pressure  to  drain  off 
excess  solvent,  but  taking  particular  care  that  at  no  time,  the  level  of  solvent 
falls  below  the  alumina  surface  in  the  column.  Release  the  pressure, 
remove  the  funnel  and  transfer  the  petroleum  ether  extract  of  the  unsaponi- 
fiable matter  quantitatively  to  the  column,  using  more  petroleum  ether, 
if  necessary.  Replace  the  funnel  and  add  gradually  30  ml  of  petroleum 
ether,  10  ml  at  a  time,  through  the  funnel,  and  regulate  the  pressure  to 
obtain  a  flow  rate  of  approximately  60  drops  per  minute.  This  washing 
would  contain  carotene  fraction,  which  may  be  collected  and  estimated,  if 
necessary.  Replace  the  receiver  and  gradually  add  30  ml  of  the  petroleum 
ether-diethyl  ether  elution  mixture  of  appropriate  composition,  as  deter- 
mined by  a  pilot  test,  described  in  5.1.2.7  ( b ).  Elute  carefully  and 
preserve  for  estimation. 

5.1.3.4  Evaporate  the  ethereal  extract  of  the  unsaponifiable  residue  or 
the  elute  from  the  chromatographic  procedure,  using  moderate  heat  and 
in  a  dark  place  away  from  actinic  light  in  a  stream  of  nitrogen.  Take  up 
the  residue  in  sufficient  isopropanol  or  hexane  to  give  the  concentration, 
expected  to  yield  absorbance  reading  of  0*2  to  0*5  at  325  my.  Determine 
absorbance  (E)  of  this  solution  at  310,  325  and  334  mn,  in  the  spectro- 
photometer. 

5.1.4  Calculation 

a)  Determine  the  corrected  absorbance  at  325  mM 

[  E326  (  corrected  )  =  6'815£825  —  2'555E310  —  4-260.E334  ]. 
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\f)  Vitamin  A  content  in  I.U.  per  100  g  of  sample 

ff325  (Corrected)  x  1  830  X  ICO 

~  L  x  C 

where 

L  =  length  of  light  path  in  absorption  cell  in  cm,  and 

C  =  amount  of  assay  sample,  in  g  per  1 00  ml,  of  isopropyl 
alcohol  solution. 

Note  ■ —  This  formula  is  applicable  only  when  isopropanol  or  hexane  is  used.     In 
case  cciohexane  is  used    then  the  factor  I  737  should  be  used  instead  of  1  830. 

5.2  Carr-Price  Method 

5.2.0  Principle  the  assay  sample  is  saponified  with  ethanolic  potassium 
hydroxide  and  vitamin  A  is  extracted  with  petrolt  um  ether.  After  reaction 
with  antimony  trichloride,  the  blue  colour  formed  is  measured  in  a 
colorimeter  at  610  to  620  mu.  Calculation  of  vitamin  A  content  is  carried 
out  with  reference  to  a  calibration  curve, 

5.2.1  Apparatus 

5.2.1.1  Photo-electric  colorimeter  - —  with  a  direct  reading  deflection  type 
galvanometer,  suitable  for  measuring  transmittance  or  absorbance  at  610 
to  620  mu. 

5.2*2  Reagents 
'5.2.2.1  Vitamin  A  reference  standard  —  a  solution  of  crystalline  vitamin  A 

5.2.2.2  Absolute  ethanol  —  Purified  as  given  in  5.1.2.1  ( a ). 

5.2.2.3  Potassium  hydroxide  solution  —  50-percent  ( w\v ). 

5.2.2.4  Ether  —  peroxide-free,  redistilled  {  see  IS  :  336-1964*  ). 

Ether  may  be  maintained  free  from  peroxides  by  adding  wet  zinc  foil 
approximately  80  cm2  per  litre,  cut  in  strips  long  enough  to  reach  at  least 
halfway  up  the  container;  the  zinc  strips  previously  should  have  been 
completely  immersed  in  dilute  acidified  copper  sulphate  solution  for  one 
minute  and  subsequently  washed  with  water. 

5.2.2.5  Sodium  sulphate  —  anhydrous,  granular.  It  shall  not  absorb 
vitamin  A  under  conditions  of  use,  and  10  percent  solution  shall  not  be 
acid  to  methyl  red  indicator  solution. 


♦Specification  for  ether  ( revised  ). 
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5*2.2.6  Chloroform  —  This  may  be  purified  as  follows  : 

Wash  the  chloroform  thrice  with  fresh  10  percent  aqueous  solution 
of  sodium  thiosulphate  in  a  separatory  funnel.  Dry  the  chloroform 
with  anhydrous  calcium  chloride  and  filter.  Distill  the  chloroform  over 
anhydrous  sodium  thiosulphate  in  an  all-glass  apparatus  with  a  fraction- 
ating column  of  70  cm  length.  Collect  only  middle  fraction  of  the 
distillate,  discarding  the  first  10  percent  and  last  10  percent  of  the 
distillate. 

Anhydrous  sodium  thiosulphate  may  be  prepared  from  crystalline 
thiosulphate  by  careful  heating  between  105  to  1I00C,  and  stored  in 
a  desiccator. 

5*2.2.7  Antimony  trichloride  solution  —  Prepare  by  dissolving  113*4  g 
antimony  trichloride  in  300  to  400  ml  of  chloroform.  Add  5  g  of  anhy- 
drous calcium  chloride  and  filter  while  hot.  Dilute  the  filtrate  to  500  ml 
with  chloroform. 

5.2.3  Procedure 

5.2.3.0  Adequate  precautions  should  be  taken  to  protect  the  vitamin  A 
content  in  the  flask  from  direct  actinic  light. 

5.2.3.1  Saponification  —  Weigh  accurately  pure  vitamin  A  reference 
standard  capsules  0-5  to  1*0  g.  Transfer  the  material  quantitatively  to  an 
all  glass  saponification  flask  (  150  ml ),  if  necessary  with  a  little  alcohol. 
Add  30  ml  of  ethanol  (95  percent  r»/y),  and  5  ml  of  potassium  hydroxide 
solution.  Pass  a  stream  of  nitrogen  gas  through  the  solution  with  a  jet 
tube  for  5  minutes  to  replace  the  air.  Then  in  a  dark  corner,  saponify  the 
contents  under  reflux  in  an  atmosphere  of  nitrogen,  over  an  electrically 
heated  water-bath  for  30  to  40  minutes.  Cool  and  then  add  30  ml  of 
water.  Transfer  the  consents  quantitatively  to  a  separating  funnel  {  coni- 
cal, Squibb  shaped,  250  ml  capacity  ),  Wash  the  flask  twice,  with  10  ml 
of  water  and  add  the  washings  to  the  separating  funnel.  Extract  the 
saponified  solution  thriee»  respectively  with  50  ml,  20  ml  and  20  ml  ether; 
combine  the  ether  extract  in  another  separating  funnel  and  wash  this  with 
50  ml  of  ice  cold  water  containing  a  little  sodium  acid  sulphate  (  NaHSC*4  ) 
or  potassium  acid  phosphate  ( KHaP04 )  just  enough  to  neutralise  the 
alkalinity  of  the  extract.  Repeat  the  washing  with  only  ice  cold  water, 
till  the  washings  are  neutral  to  phenolphthalein. 

5.2.3.2  Transfer  the  ethereal  extract  to  a  stoppered  measuring  cylinder 
( 100  ml ),  rinse  the  separating  funnel  with  a  little  ether  and  then  add  this 
to  the  cylinder.  Add  more  ether  to  make  the  volume  to  100  ml  mark. 
Then  add  anhydrous  sodium  sulphate  15  grams;  mildly  shake  a  little  and 
then  allow  it  to  settle  in  a  dark  cool  place. 
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5.2.3.3  Preparation  of  the  calibration  curve  —  Evaporate  a  suitable  aliquot 
Df  the  ether  solution  of  the  unsaponifiable  extract  to  about  5  ml.  Evaporate 
off  the  remaining  ether  at  low  heat  under  reduced  pressure.  Take  up  the 
residue  in  sufficient  chloroform  so  that  after  addition  of  antimony  trichlo- 
ride solution  an  absorbance  of  about  "(V8  in  the  photo-electric  colorimeter 
is  obtained.  '  From  this  stock  solution  of  the  standard,  make  a  series  of 
dilutions  in  chloroform  to  give  absorbance  values  of  80,  60,  40  and  20  per- 
cent of  the  original  absorbance.  Determine  absorbances  of  the  blue  colour 
formed  when  one  millilitre  aliquot  of  each  of  these  five  solutions  plus  one 
millilitre  of  chloroform  with  a  drop  of  acetic  anhydride  is  treated  with  the 
volume  of  the  antimony  trichloride  solution,  that  is,  suitable  for  the 
operation  and  hereinafter  referred  to  as  the  'fixed  volume'.  The  blank  is 
adjusted  to  100  percent  rransmittahce  using  a  tube  containing  2  ml  of 
chloroform  and  the  fixed  volume  of  the  antimony  trichloride  solution. 

Using  a  rectangular  coordinate  paper,  plot  the  five  absorbances 
obtained  against  known  quantities  of  vitamin  A  and  draw  up  the  best 
smooth  curve  from  the  origin  through  these  points.  Do  not  attempt  to 
draw  straight  line  unless  the  curve  is  in  fact  a  straight  line  with  the  .origin 
at  zero.  For  those  instruments  that  provide  other  than  straight  line  curve, 
check  this  curve  at  frequent  intervals.  For  those  instruments  that  do 
provide  straight  line  calibration  curve,  make  reading  of  the  reference 
solution  with  each  set  of  sample  readings  to  establish  the  curve.  In  the 
latter  case  re-establish  the  calibration  curve  whenever  variation  in  the 
reagent  or  other  variables  in  procedure  occurs. 

5.2.3.4  Determination  —  Weigh  accurately  a  quantity  of  the  material 
( not  more  than  5  g  )  containing  20  to  45  I.U.  of  vitamin  A,  then  proceed 
as  in  5.2.3.1  and  5.2.3.2  and  obtain  the  residue  after  evaporating  the  ether 
urtder  moderate  heat  and  reduced  pressure.  Dissolve  the  residue  in  a 
definite  volume  of  chloroform  so  that  2  ml  of  the  chloroform  solution  with 
the  fixed  volume  of  the  antimony  trichloride  solution  would  give  an  absorb- 
ance of  about  0*5  to  0'2.  Set  the  instrument  at  100  percent  transmittance 
with  2  ml  of  chloroform  and  the  fixed  volume  of  the  antimony  trichloride 
as  blank.  Place  the  tube  containing  2  ml  of  the  chloroform  solution  of 
the  residue,  add  a  drop  of  acetic  anhydride  and  then  add  rapidly  the  'fixed 
volume'  of  antimony  trichloride  solution  with  the  help  of  vacqupet  or  a 
similar  device.  Record  the  maximum  colori metric  reading.  Determine 
vitamin  A  from  the  standard  curve  and  calculate  units  of  vitamin  A  per 
100  g  of  the  sample. 

Notb  —  Care  should  be  taken  that  the  readings  are  noted  within  15  seconds  after 
the  addition  of  antimony  trichloride  solution. 
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